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Activat ion Analysis of Petroleum Stocks f o r  Nitrogen 
and Oxygen by Act iva t ionwi th  Fas t  Neutrons 
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Cal i forn ia  Research Corporation, Mchiiond, Cal i forn ia  

Analysis by r a d i o a c t i v a t i o n  with r'eutrons from nuclear  
r eac to r s  i s  poss ib le  f o r  most e lements ,  i n  sone cases  w i t h  
remarkable s e n s i t i v i t y .  However, t h r e e  l i g h t  elements of p a r t i c u l a r  
i n t e r e s t  i n  petroleum r e f i n i n g ,  carbon, oxygen, and n i t rogen ,  remain 
q u l t e  i n e r t  under i r r a d i a t i o n  with slow neutrons.  A number of  
m e t a l l i c  impur i t ies  i n  petroleum can be determined by a c t i v a t i o n  i n  
a nuc lea r  r eac to r ,  b u t  the cos t  of even the  smal les t  r e a c t o r  has 
precluded t h e  rout ine  a p p l i c a t i o n  o f ' s u c h  ana lyses  i n  petroleum 
r e f i n i n g  and research.  In  one case ,  a high-voltage e l e c t r o n  
a c c e l e r a t o r ,  used p r imar i ly  f o r  r a d i a t i o n  chemistry s t u d i e s ,  has 
been adapted t o  t h e  par t - t ime product ion of a moderate neutron f lux 
and used t o  advantage i n  rou t ine  chemical a n a l y s i s , '  but I ts  c o s t  
i s  too  g r e a t  t o  j u s t i f y  i t s  purchase s o l e l y  f o r  a n a l y s i s .  The recent  
a v a i l a b i l i t y  of low-cost, low-voltage,  pos i t i ve - ion  a c c e l e r a t o r s  
designed t o  p-oduce neutrons has brought a c t i v a t i o n  a n a l y s i s  wi th in  
t h e  reach of the  average i n d u s t r i a l  l abo ra to ry .  The neutrons formed 
by 150-kev deuterons impinglng on a tritium t a r g e t  have an  energy of 
1 4  Mev. 
r eac t ion  

This s u p p l i e s  enough energy t o  a c t i v a t e  oxygen by t he  

0'' + n1 = H1 + N l e  (T1/2 = 7 .4  sec )  

and n i t rogen  by  

N 1 4  + n1 = 2n' + N 1 3  (T1/2 = 10.1 min) 

That t h e  energy is somewhat too  s m a l l  t o  a c t i v a t e  carbon by t h e  
similar r eac t ion  

C 1 2  + nl = 2n1 + Cl1 (TI 2 = 20 min) / 
i s  fo r tuna te  from the  s tandpoin t  t h a t  hydrocarbons can be analyzed 
f o r  small  concentrat ions of oxygen and n i t rogen  (and most of the 
o t h e r  elements) without t h e  hindrance of a l a rge  i n t e r f e r i n g  carbon 
a c t  l v i t y  . 

Model 150-1H, and a r e  using i t  for a n a l y s i s  of petroleum s tocks  . 
f o r  var ious  elements by a c t i v a t i o n  w i t h  t h e  14-Mev neutrons.  A t  
a beam cur ren t  o f  0.5 mill iampere on a f r e s h  t a r g e t  of t i t an ium 
t r i t i d e  on a molybdenum disk ,  we f i n d  a f a s t  neutron f l u x  of 
2 x lo1' n/sec. 

We have i n s t a l l e d  a Texas Nuclear neutron genera tor ,  

With the  sample i n  a 60-mi b o t t l e  ad jacent  t o  the  
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t a r g e t  we achieve an average f l u x  d e n s i t y  i n  t h e  sample of 
5 x 10' n/cm2-sec. 
n i t rogen  and oxygen analyses .  

In t h i s  paper, we r e p o r t  ou r  experience i n  

Nitrogen Analysis 

A sample up t o  60 ml i n  a polyethylene tube o r  b o t t l e  i s  
exposed t o  the  neutron f l u x  f o r  10 minutes. Then t h e  b o t t l e  i s  
placed i n  a well  i n  a 3-inch NaI c r y s t a l  f o r  count ing t h e  
s c i n t i l l a t i o n s  produced by the a n n i h i l a t i o n  photons from the  N 1 3  
p o s i t r o n s .  A l t e rna t ive ly ,  the i r r a d i a t e d  sample i s  added t o  a 
f luo rescen t  mixture f o r  l i q u i d - s c i n t i l l a t i o n  count ing of t h e  p o s i t r o n s .  
In e i t h e r  case,  one t o  two minutes i s  allowed f o r  any oxygen i n  the 
sample o r  con ta ine r  t o  decay. Then t h e  n i t rogen  i s  counted f o r  a 
period up t o  18 minutes.  
confirmed, when necessary,  by the  h a l f - l i f e  of t he  decaying a c t i v i t y  
o r  by  the pulse-height  spectrum of t h e  a n n i h i l a t i o n  r a d i a t i o n  o r  beta 
r ays .  
n/cm2/sec, t h a t  a sample containing 1% n i t rogen  g ives  an i n i t i a l  
counting r a t e  of 1300 counts/sec. 

The i d e n t i t y  of the  r ad io i so tope  i s  

We f i n d  w i t h  a f l u x  d e n s i t y  i n  a 60-ml sample of 5 x lo7 

Flux Monitoring 

The v a r i a t i o n  i n  beam cur ren t  and p o s i t i o n  on the  t a r g e t  
d u r i n g  a s h o r t  i r r a d i a t i o n  o r  from one i r r a d i a t i o n  t o  ano the r ,  
introduces a considerable  e r r o r  i n t o  an a n a l y s i s .  The q u a n t i t y  of 
an induced a c t i v i t y  a t  t h e  end of an i r r a d i a t i o n  i s  

where dn 
t o  thedtAeutron f l u x .  
the  i n t e g r a l  has the  value L & (1 - e -  A T ) .  

A d t  
not cons t an t ,  using the  average value of dn gives only an 

approximation. The f i n a l  a c t i v i t y  may dev ia t e  from the above e i t h e r  
upward o r  downward, depending on whether t h e  f l u x  i n c r e a s e s  o r  
decreases during the  i r r a d i a t i o n .  

c o r r e c t  automatical ly  f o r  f l u c t u a t i o n s  during i r r a d i a t i o n ,  a s  wel l  as 
for e r r o r s  i n  t iming.  If, during i r r a d i a t i o n  of a sample, one exposes 
a s  a monitor an ob jec t  i n  which the  neutrons w i l l  a c t i v a t e  a radio- 
element of t h e  same h a l f - l i f e  a s  t h e  a c t i v i t y  i n  t h e  sample being 
analyzed, t h e  monitor w i l l  serve t o  au tomat i ca l ly  i n t e g r a t e  the f l u x .  
If both the  sample and the monitor a r e  exposed i n  t h e  same re spec t ive  
geometry i n  each i r r a d i a t i o n ,  t h e  r a t i o  between t h e  a c t i v i t i e s  i n  t h e  
sample and t h e  monitor w i l l  be independent of f l u x  v a r i a t i o n s ,  but 
w i l l  vary only I n  proport ion t o  t h e  element being determined i n  t h e  
sample. 

t h e  r a t e  of production of t h e  r ad io i so tope ,  i s  p ropor t iona l  

However, i f  the f l u x  i s  
If t h i s  is constant  during t h e  i r r a d i a t i o n ,  

d t  

We have found a convenient means t o  monitor t h e  f l u x  and 
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We have used small  p ieces  of copper a s  s u i t a b l e  monitors f o r  
n i t rogen .  Copper-62, induced by t h e  n,2n r eac t ion  i n  copper, has a 
ha l f - l i f e  of 9.8 minutes,  compared t o  10.1 minutes f o r  nitrogen-13. 
The copper i s  placed i n  t h e  same p o s i t i o n  i n  each i r r a d i a t i o n  and 
then counted f o r  1 minute, beginning 2 minutes a f t e r  i r r a d i a t i o n ,  i n  
a small we l l  counter .  The count from the  n i t rogen  between 2 and 20 
minutes a f t e r  i r r a d i a t i o n  i s  nomal i zed  t o  the copper count.  The . 
small d i f f e rence  i n  h a l f - l i v e s  I n  t h i s  case  would in t roduce  only a 
2 s  e r r o r  i n  normalizat ion i f  the  f l u x  changed by 20% during the  
i r r a d i a t i o n s .  

In te r fe rences  

A t  n i t rogen  concent ra t ions  below O.l$, seve ra l  substances 
present  i n  hydrocarbons may produce a c t i v i t i e s  which i n t e r f e r e  w i t h  
n i t rogen  a n a l y s i s .  Atmospheric n i t rogen  d isso lved  i n  the sample can 
be a s  h igh  as 0.03%; it can be purged from t h e  sample before  a n a l y s i s  
by b o i l i n g  i t  o r  bubbl ing oxygen through i t .  Copper has a -h igh  
cross -sec t ion  t o  14-Mev neutrons f o r  t h e  production o f  Cu-b2. Because 
i t  a l s o  emits  pos i t rons  and has  a h a l f - l i f e  i nd i s t ingu i shab le  f r o m  
t h a t  of N 1 3  and because i t  may occur  a t  low concent ra t ions  i n  
petroleum s tocks ,  i t  can be mistaken f o r  n i t rogen .  We have been ab le  
t o  s epa ra t e  the two by pulse-he ight  a n a l y s i s  of t h e  spec t r a  i n  a 
l i q u i d  s c i n t i l l a t i o n  counter  us ing  the  l a rge  d i f f e rences  i n  beta-ray 
ene rg ie s .  Most important i n t e r f e r e n c e ,  however, i s  the n i t rogen-13 .  
a c t i v i t y  produced i n  hydrocarbons by t h e  protons r e c o i l i n g  from 
fas t -neu t ron  c o l l i s i o n s  and e n t e r i n g  t h e  r eac t ion  wi th  carbon:2 

We have found t h a t  t h i s  r e a c t i o n  produces a s  much N 1 3  a s  0.07-0.09$ 
n i t rogen  i n  t h e  sample, and this  limits the s e n s i t i v i t y  for d e t e c t i o n  
of n i t rogen  i n  hydrocarbons t o  about t h e  0.1s l e v e l .  
inherent  i n t e r f e rence ,  t he  s e n s i t i v i t y  would be below 1 p a r t  p e r  
mi l l i on .  

Without t h i s  

Even a t  h igher  concent ra t ions ,  the  N 1 3  con t r ibu t ion  from 
t h i s  source m u s t  be eva lua ted  t o  g ive  an accura te  a n a l y s i s .  Two 
samples of a l u b r i c a t i n g  o i l  a d d i t i v e  compound conta in ing  1.83$ N 
according t o  chemical a n a l y s i s ,  a s  wel l  a s  a small  amount of  phosphorus, 
were d i l u t e d  by f a c t o r s  of  10.7 and 8.7 i n  benzene and i r r a d i a t e d .  
N 1 3  a c t i v i t i e s  corresponding t o  2.56% and 2.48s N were found. The 
decay of t h e  s c i n t i l l a t i o n  pulses  between 0 .4  and 0.6 Mev f i t  a 
10-minute curve,  showing t h a t  t h e  concent ra t ion  of t h e  phosphorus was 
not  enough t o  introduce a l a r g e  e r r o r .  Act ivat ion of t h e  benzene alone 
gave N13 corresponding t o  an  apparent  680 ppm N .  This con t r ibu t lon  
was sub t r ac t ed  t o  f i n d  t h e  a c t u a l  n i t rogen  content  of t he  sample, 
1.86$, which agrees  w i t h  t he  chemical a n a l y s i s .  

Oxygen Analysis 

Act ivat ion a n a l y s i s  has proved p a r t i c u l a r l y  valuable  f o r  
oxygen determinat ion s i n c e  i t  i s  t h e  only method which can give 
d i r e c t l y  t h e  t o t a l  oxygen i n  a sample. 
sub jec t  t o  f e w  i n t e r f e r e n c e s .  

The ana lys i s  is very r ap id  and 
“he nitrogen-16 formed by the n , p  
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reac t ion  decays w i t h  a 7.4-second ha l f - l i f e  by emission of beta  
p a r t i c l e s  and 6 t o  7-Mev g a m a  rays.  
twice a s  energe t ic  a s  any o t h e r s  encountered i n  a c t i v a t e d  petroleum 
s tocks ,  we can e l imina te  i n t e r f e r e n c e s  wi th  a pulse-height  s e l e c t o r  
se t  t o  respond only  t o  gamma rays  of g r e a t e r  than,  say,  4 M e V .  

‘The sample, i n  a 60-cc polyethylene b o t t l e ,  i s  i r r a d i a t e d  
f o r  30 seconds, then t r a n s f e r r e d  by pneumstic tube t G  a 3-inch wel l  
s c i n t i l l a t i o n  c r y s t a l  and counted f o r  15 seconds. The f l u x  monitor 
c o n s i s t s  of a small p iece  of p l a s t i c  s c i n t i l l a t o r ,  surrounded by 
l u c i t e  and a t tached  t o  a photomul t ip l ie r  t u b e .  The S c i n t i l l a t o r ,  
located a few inches from the t a r g e t ,  d e t e c t s  be ta  p a r t i c l e s  of  N l S  
produced from oxygen i n  t k e  l u c i t e .  Measurement of t h i s  N” 
a c t i v i t y  normalizes t n e  a c t i v i t y  i n  the sample t o  the neutron f lux  
used f o r  i r r a d i a t i o n  of an oxygen s tandard.  Since t h e  sample and 
monitor a r e  counted simultaneously,  the accuracy of a n a l y s i s  does not  
depend upon p r e c i s e  t iming o f  t h e  s t a r t  and dura t ion  of  t he  counting 
per iod .  I r r a d i a t i o n  and counting of a s tandard and i t s  monitor p l u s  
two o r  th ree  minutes of c a l c u l a t i o n  completes t h e  a n a l y s i s .  

Samples which have been analyzed by t h i s  technique include 
polymers, lube  oil a d d i t i v e s ,  a s p h a l t s ,  and cracker  feed  s tocks .  
Oxygen contents  ranged from 50 ppm t o  30s. m p l i c a t e  determinat ions 
agree t o  wi th in  2-5$, depending on the  l e v e l  of a c t i v i t y  produced. 
The highest  s e n s i t i v i t y  i s  achieved w i t h  50-gram samples, b u t  w e  have 
analyzed samples weighing a s  l i t t l e  a s  10 mill igrams. For samples 
containing less than 0.1% oxygen, a c o r r e c t i o n  f o r  oxygen i n  the  
polyethylene conta iner  becomes s i g n i f i c a n t ;  and d isso lved  oxygen 
i n  t h e  sample m u s t  be removed by bubbling w i t h  n i t r o g e n .  The only 
element i n t e r f e r i n g  d i r e c t l y  i n  t h i s  a n a l y s i s  i s  f l u o r i n e ,  which g ives  
N l e  v ia  t he  n,OLreaction. 
however; and a measurenent of t h i s  a c t i v i t y  a l lows c o r r e c t i o n  f o r  t h e  
N16 cont r ibu t ion  from f l u o r i n e .  

Re f e renc e s 

Since these gamma rays  a r e  

Fluorine i s  a l s o  a c t i v a t e d  t o  29-sec 019, 

V. P. Guinn and C .  D. Wagner, Anal. C h e m .  ;J2, 317 (1960) 

Nitrogen-13 i n  Hydrocarbons I r r a d i a t e d  w i t h  Fast Neutrons, 
s u b m i t t e d  f o r  p u b l i c a t i o n  i n  Anal. C h e m .  
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